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SUMMARY

It has been postulated that T lymphocytes orchestrate the chronic inflammation in bronchial asthma. In
animal models, infiltration of CD8" T lymphocytes into the bronchial mucosa prevented bronchial
hyperresponsiveness and decreased early and late phase reaction. IFN-vy antagonizes IL-4-dependent IgE
production as well as IL-5-induced proliferation and activation of eosinophils. We therefore investigated
the secretion of IFN-y of isolated CD8 " T lymphocytes from peripheral blood of patients with allergic
asthma (n = 6) and from healthy controls (n = 7) in vitro. In this setting we compared the effect of
stimulation with anti-CD3 antibodies with that of phorbol myristate acetate (PMA) and calcium-
ionophore. As expected, CD8" T lymphocytes from peripheral blood of healthy volunteers produced
significantly more IFN-vy in the presence of PMA and calcium-ionophore than after stimulation with
anti-CD3 antibodies. However, in subjects with allergic asthma, IFN-y secretion of CD8" T cells was
significantly higher when incubated with anti-CD3 antibodies than after activation with PMA and
calcium-ionophore. While IFN-vy secretion of CD8 " T lymphocytes of patients with allergic asthma was
lower than that of healthy controls in the presence of PMA/calcium-ionophore, it was significantly
elevated when compared with normal controls after stimulation with anti-CD3 antibodies. Thus, potent
activators of cytokine secretion, such as PMA and calcium-ionophore, induce a cytokine profile different
from that induced by weaker stimulants, such as anti-CD3 antibodies. These findings have implications

for further studies investigating cytokine production of inflammatory cells in vitro.
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INTRODUCTION

Allergic asthma is an inflammatory disease of the airways
triggered by T lymphocytes and dominated by eosinophils and
mast cells. Contact with the specific allergen leads to IgE-
mediated release of mast cell mediators in the bronchi followed by
inflammation. Atopic inflammation has been linked to excess
production of the T helper 2 (Th2) cytokines IL-4 and IL-5
relative to the Thl cytokine IFN-y [1]. This is based on the
division of CD4™ T lymphocytes into two subsets first established
in 1986 by Mosmann et al. [2]. Thl cells produce IL-2, IFN-y and
TNF-a, and mediate immunity to viral and bacterial pathogens,
whereas Th2 cells produce IL-4, IL-5, IL-6, IL-10 and IL-13, and
are involved in allergic diseases as well as in defence against
parasitic infections. A similar dichotomy has been described for
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CD8" T lymphocytes [3-6]. In recent years, the strict
categorization into Thl- and Th2-type responses was replaced
by the concept that it is the balance between these antagonistic
immune responses that leads to disease resolution [7].

The presence of CD8" T lymphocytes in bronchoalveolar
lavage after experimental allergen challenge in patients with
allergic asthma has been associated with the suppression of the
late phase response [8]. In an animal model of asthma, depletion
of CD8™ T lymphocytes increased both the early phase and the
late phase immune response [9,10]. CD8" T lymphocytes have
been shown to secrete IFN-y [11], which negatively regulates IL-
4 and IL-5 production [12—14]. IFN-v is therefore an antagonistic
cytokine for the IL-4-dependent IgE switch as well as for the IL-5-
induced proliferation, activation and transmigration of eosinophils
[15,16]. In a rat model of bronchial hyperresponsiveness,
application of IFN-y attenuated airway hyperresponsiveness,
and reduced infiltration of eosinophil and neutrophil granulocytes
and CD8" T lymphocytes [17]. These data suggest that CD8" T
lymphocytes might play a protective role in the pathogenesis of
allergic inflammation via their ability to produce IFN-y. We
therefore investigated the secretion of IFN-y by isolated CD8" T
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lymphocytes from peripheral blood of patients with allergic
asthma and healthy controls.

Our knowledge of regulatory phenomena in the immune
system is still widely based on in vitro experiments performed
with various in vitro stimuli. Nevertheless, very little is known
about the differential effects of these stimuli on cytokine
secretion. In this study, we compared the effect of stimulation
with PMA and calcium-ionophore to stimulation with anti-
bodies to the T-cell epitope CD3. On the cell surface of
CD8™ T lymphocytes, CD3 is associated with the T-cell receptor
(TCR), the CD8 molecule and CD45. Binding of the specific
antigen initiates a signalling cascade, which results in the
activation of protein kinase C (PKC) and an increase in the
intracellular calcium concentration [18,19]. Antibodies to CD3
can efficiently imitate the effect of antigen binding [20,21],
whereas PMA directly activates PKC and calcium-ionophore
promotes an increase in cytoplasmatic calcium levels [22,23].

METHODS

Subjects

Six patients suffering from allergic asthma [24], who were out-
patients at our pulmonary clinic, were recruited to participate in
this study. Three male and three female patients were selected
with a mean serum IgE of 210 = 63 IU/ml (range 10-5-407
IU/ml), a mean FEV; of 85-8 * 8:3% of predicted (range 47—
111%), and a positive skin prick test to common aeroallergens. All
subjects had a history of intermittent wheeze, chest tightness,
cough, sputum production and bronchial hyperreactivity. Patients
used topical steroids and/or long- or short-acting beta-2-agonists
and/or theophylline for treatment of asthma (see Table 1).
Subjects taking systemic steroids were excluded from the study.
Seven healthy volunteers with no history of asthma served as
controls. There was no evidence to suggest a recent infection in
any of the subjects participating in the study. All patients gave
their informed consent and the study protocol was approved by the
Ethics Committee of the University of Freiburg.

Isolation of CD8" T lymphocytes by magnetic cell sorting

Blood was drawn from the cubital vein into EDTA tubes. The
separation of peripheral blood mononuclear cells (PBMCs) was
performed on a gradient of Ficoll with a density of 1-077 g/ml
(Seromed, Berlin, Germany) as previously reported [25]. Isolated
PBMCs were washed twice and resuspended in phosphate-
buffered saline (PBS) supplemented with 2% heat-inactivated
fetal calf serum (FCS, GiBco, NY, USA). CD8" T lymphocytes

were negatively selected by magnetic cell sorting with a CD8™ T-
cell isolation kit (Miltenyi Biotec, Bergisch-Gladbach, Germany).
PBMCs were incubated with a mixture of hapten-conjugated
antibodies to CD4, CD11b, CD16, CD19, CD36 and CD56. After
two washing steps, paramagnetic microbeads conjugated to a
monoclonal anti-hapten antibody were added. Cell separation was
then performed with a depletion column in a magnetic field, as
previously described [26].

Flow cytometry

Specific staining of the respective cell-surface molecules was
performed by anti-human CD3-Cy5 (clone UCHT1; Dako,
Hamburg, Germany), anti-human CD4-Cy5 (Dako), anti-human
CDS-FITC (Guildhay Ltd, Guildford, UK), anti-human CD8-PE
(clone DK25, Dako), anti-human CD11b-FITC (Immuno Quality
Products, UK), anti-human CDI14-FITC (Dako), anti-human
CD16-PE (clone 3G8; Immunotech, Hamburg, Germany), anti-
human CD56-PE (Immuno Quality Products) and anti-human
CD19-PE (Immunotech). A 100 w1 volume of the cell suspension
(1 x 10° cells) was incubated with 10 w1 fluorescence-conjugated
antibody for 30 min at 4°C. The cells were then washed once and
resuspended in 100 w1 PBS. For determination of the percentage
of dead cells, staining with propidium iodide (Sigma, Deisenho-
fen, Germany) was employed. Flow cytometry was performed on
at least 10* cells per sample with a FACScan (Becton Dickinson,
Heidelberg, Germany).

Cell culture and stimulation

Culture medium consisted of RPMI 1640 supplemented with 10%
heat-inactivated FCS, 2 mm L-glutamine, 100 IU/ml penicillin and
100 wg/ml streptomycin. CD8" T lymphocytes (3 x 10° cells/
ml) or unseparated PBMCs (3 x 10° cells/ml) were cultured for
24 h at 37°C in a humidified atmosphere with 5% CO,. For
stimulation with anti-CD3, culture plates were coated with
monoclonal anti-CD3 antibody (20 wg/ml, clone OKT3, kindly
provided by K. Blaser, Davos, Switzerland) at 4°C overnight
according to the study protocols of Jung et al. and Walker et al.
[27,28]. Phorbol myristate acetate (PMA) and calcium-ionophore
A23187 (Sigma) were used in concentrations of 1072 and 107 % m,
as previously described [28]. Culture supernatant fluids were
stored in small aliquots at — 70°C until assayed for IFN-vy.

Determination of IFN-vy in culture supernatant fluids of CDS8* T
lymphocytes

ELISA plates (Maxisorp, Nunc, Denmark) were coated with
1 pg/ml of a monoclonal anti-human IFN-y antibody (clone 69,

Table 1 Patient characteristics

Age Duration of Eosinophils 1eG FEV-1

(years) Sex asthma (years) (%) Prick test (U/ml) RAST (%) Medication
36 m 22 6-5 pos. 407 2 47 TS, B
22 m 5 2-8 pos. 932 4 111 TS, B
42 m 2 2:5 pos. 277 4 85 TS, B
46 f 1 3.7 pos. 10-5 2 77 TS, (B)
33 f 15 3.3 pos. n.d. 4 97 B, T

33 f 2 35 pos. 263 4 98 (B)

TS, topical steroids; B, inhaled B2-agonists; T, theophylline; (), medication as needed.
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Intex, Muttenz, Switzerland) in coating buffer (0-1 M NaHCO;,
pH 8:3) over 6 h at room temperature, washed with PBS/0-05%
Tween, and blocked with 3% bovine serum albumin dissolved in
PBS for 2 h. Culture supernatant fluids of stimulated CD8% T
lymphocytes and controls, as well as serial dilutions of
recombinant IFN-y (Hoffmann-La Roche, Basel, Switzerland),
were then applied to each well and incubated at 4°C overnight. For
detection, a 1 wg/ml dilution of biotinylated anti-human IFN-vy
antibody (clone 69) was added for 45 min. After extensive
washing with PBS/0-05% Tween, bound antibodies were detected
by application of a conjugated avidin peroxidase (2-5 wg/ml)
(Sigma) at room temperature for 30 min. ABTS substrate (Sigma)
dissolved in 0-1 M citronic acid and 0-03% H,O, was then added.
The reaction was read at 450 nm (reference filter: 620 nm), and
results were derived from a standard curve established with
recombinant IFN-vy.

Detection of intracellular cytokines

Flow-cytometric detection of intracellular cytokines was
performed as previously described [29]. In brief, isolated
CD8" T lymphocytes were stimulated with PMA and calcium-
ionophore in the presence of brefeldin A (10 pg/ml). After
incubation for 6 h at 37°C in a humidified atmosphere of 5% CO?2,
cells were washed in a washing buffer (PBS, 1% FCS, 0-1%
NaN3) and fixed in 1 ml 4% ice-cold paraformaldehyde (Merck,
Darmstadt, Germany) for 30 min. After a further wash in washing
buffer, cells were resuspended in 20 w1 saponin buffer (PBS, 1%
FCS, 0-1% saponin). Saponin was purchased from Fluka, Buchs,
Switzerland. Anti-IFN-y-FITC (clone B27, Pharmingen, Ham-
burg, Germany) was added to the cell suspension and incubated
for 15 min. As controls, FITC-labelled non-specific mouse IgG,
antibodies were used (Pharmingen). After two further washes in
saponin buffer, cells were resuspended in 100 w1 PBS for flow-
cytometric evaluation.

Statistical analysis

Results are expressed as arithmetic means * s.e.m. Differences
between groups were analysed using the Mann—Whitney U-test.
Differences with P-values < 0-05 were considered significant.

RESULTS

PBMC subpopulations in allergic asthma and healthy controls
After Ficoll separation, PBMCs were incubated with fluorescence-
labelled antibodies to the CD4 and CD8 surface markers. The
percentage of CD4 and CDS8 positive cells in PBMCs was
analysed by flow cytometry. As shown in Fig. 1, there was no
difference between PBMCs from patients with allergic asthma and
healthy controls with regard to the percentage of CD4 and CD8
positive cells. In healthy controls, PBMCs consisted of
47 = 2.9% CD4 and 32 = 3-4% CDS positive cells. In patients
with allergic asthma, there were 48 * 1.9% CD4 and 31 * 2.7%
CD8 positive events (Fig. 1).

Isolation of CD8" T lymphocytes by magnetic cell sorting

PBMCs and isolated CD8™ T lymphocytes were analysed by flow
cytometry after incubation with fluorescence-labelled antibodies
to CD4 and CD8 (Fig. 2), as well as antibodies to CD3, CD14,
CD16, CD56, CD19 and CD11b (data not shown). As depicted in
Fig. 2, the suspension of isolated CD8" T lymphocytes consisted
of 85 = 7% CD8™ events (compared with 31 + 7% CD8" events

in the PBMCs), 14 £ 7% CD4 CDS8  cells and practically no
contaminating CD4" T lymphocytes. The CD4 CD8 ™ cells did
not stain with antibodies to CD3, CD14, CD16, CD56, CD19 and
CD11b (data not shown).

IFN-vy secretion of CD8" T lymphocytes from peripheral blood of
patients with allergic asthma and healthy controls

IFN-v secretion of CD8* T lymphocytes from peripheral blood of
patients with allergic asthma was compared with the secretion of
CD8" T lymphocytes from peripheral blood of healthy control
subjects. Neither group demonstrated detectable spontaneous
secretion of IFN-y. After stimulation with anti-CD3 antibodies,
IFN-y levels in supernatant fluids of CD8" T lymphocytes
were significantly higher in patients with allergic asthma than

in  healthy control subjects (359 £ 51 pg/ml  wversus
151 = 79 pg/ml) (Fig. 3).
In the presence of PMA/calcium-ionophore, the mean

concentration of IFN-v in culture supernatant fluids of CD8" T
lymphocytes of healthy volunteers was twice as high as in patients
with allergic asthma (352 £ 104 pg/ml versus 163 = 19 pg/ml).
However, this difference failed to reach statistical significance
(Fig. 3).

IFN-v secretion was significantly higher in healthy volunteers
after stimulation with PMA/calcium-ionophore than in the
presence of anti-CD3 antibodies (352 = 104 pg/ml compared with
151 £ 79 pg/ml, P < 0-05). However, in patients with allergic
asthma, IFN-v secretion of CD8* T lymphocytes was significantly
higher after stimulation with anti-CD3 antibodies than after
stimulation with PMA/calcium-ionophore (359 *= 51 pg/ml com-
pared with 163 = 19 pg/ml, P < 0-05) (Fig. 3).

After either stimulation, the percentage of dead cells was less
than 1%, as determined by PI staining (data not shown).

IFN-vy secretion of unseparated mononuclear cells from
peripheral blood of patients with allergic asthma and healthy
controls

IFN-vy secretion of unseparated mononuclear cells from peripheral
blood (PBMCs) of patients with allergic asthma was compared
with the secretion of PBMCs of healthy control subjects. There
was no detectable spontaneous secretion of IFN-y. After

60 -
50 |
40

30

% of PBMCs

20

10

CD4 CDs8

Fig. 1. Percentage of CD4" and CD8™ in PBMCs after Ficoll separation.
In patients with allergic asthma (H), PBMCs consisted of 48 = 1.9%
CD4" and 31 * 2.7% CD8" cells. In healthy controls (0), 47 * 2:9% of
PBMCs were CD4" and 32 * 3-4% were CD8". Values are mean
*s.e.m., n = 7 in healthy controls, n = 6 in patients with allergic asthma.
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Fig. 2. Tsolation of CD8" T lymphocytes by magnetic cell sorting. Percentages of CD4", CD8* and CD4~ CD8 " cells are shown before (a)
and after (b) magnetic cell sorting. The isolated CD8™ fraction consisted of 85 = 7% CD8™ T lymphocytes, practically no contaminating
cp4at T lymphocytes and 14 £ 7% CD8 CD4 " cells, which could not further be characterized by CD3, CD14, CD16, CD56, CD19 and
CD11b surface markers (data not shown). Values are mean * s.e.m., n = 22.

stimulation with anti-CD3 antibodies, IFN-vy levels in supernatant
fluids of PBMCs were slightly higher in healthy control subjects than
in patients with allergic asthma (631 * 55 pg/ml versus
486 *= 96 pg/ml). In the presence of PMA/calcium-ionophore, the
mean concentration of IFN-vy in culture supernatant fluids of PBMCs
of healthy volunteers was lower than in patients with allergic asthma
(550 £ 114 pg/ml versus 733 £ 183 pg/ml). These differences,
however, failed to reach statistical significance (Fig. 4).

Percentage IFN-vy producing cells in isolated CD8"

T lymphocytes from patients with allergic asthma and healthy
controls

The percentage of IFN-y-producing cells in isolated CD8" T
lymphocytes from patients with allergic asthma and healthy
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Fig. 3. TFN-y secretion of peripheral blood CD8" T lymphocytes. Isolated
CD8" T lymphocytes from peripheral blood of (CJ) healthy volunteers
(n = 7) and (M) patients with allergic asthma (n = 6) were stimulated for
24 h with anti-CD3 antibodies (20 pg/ml) or PMA (1078 m) and calcium-
ionophore (107° m). Release of IFN-v in culture supernatant fluids was
detected by ELISA (pg/ml). Values are mean * s.e.m., *P < 0-05.

controls was analysed by intracellular cytokine staining and flow-
cytometric analysis after 6 h of stimulation with PMA and
calcium-ionophore. The percentage of positively stained cells
ranged from 4 to 70% with a mean IFN-vy-producing population of
29 £ 8% in patients with allergic asthma and of 16 = 4% in
healthy volunteers. Though the percentage of IFN-y-producing
CD8 lymphocytes tended to be greater in patients with allergic
asthma, these differences were not statistically significant (Fig. 5).
There was no correlation between the amount of IFN-v in culture
supernatant fluids and the percentage of IFN-vy-producing cells.

DISCUSSION

T lymphocytes orchestrate the generation of a chronic inflamma-
tion dominated by mast cells and eosinophils in the pathogenesis
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Fig. 4. IFN-y secretion of unseparated peripheral blood mononuclear
cells. PBMCs from (OJ) healthy volunteers (n = 7) and (M) patients with
allergic asthma (n = 6) were stimulated for 24 h with anti-CD3 antibodies
(20 pg/ml) or PMA (1078 m) and calcium-ionophore (107° m). Release of
IFN-y in culture supernatant fluids was detected by ELISA (pg/ml).
Values are mean * s.e.m.
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Fig. 5. Intracellular cytokine detection. Isolated CD8" T lymphocytes
from peripheral blood of () healthy volunteers (» = 7) and (M) patients
with allergic asthma (n = 6) were stimulated for 6 h with PMA 1078 m)
and calcium-ionophore (107® M) in the presence of brefeldin A
(10 pg/ml). Percentage of IFN-+y-positive cells was measured by flow
cytometry. The arithmetic mean is indicated by a bar.

of allergic asthma. In addition to their role in the killing of
infected cells, CD8* T lymphocytes are able to secrete a large
variety of cytokines and strongly influence the activation and
regulation of CD4 cells and other immune cells [3—6].

In vitro studies of regulatory mechanisms in the immune
system are based on stimulation with different in vitro stimuli. As
yet, knowledge about the effects of these stimuli on cytokine
production of cell cultures is still very limited. In this study, we
compared the effect of stimulation with anti-CD3 antibodies and
PMA/calcium-ionophore on IFN-y secretion of isolated CD8" T
lymphocytes of patients with allergic asthma and healthy controls.
In subjects with allergic asthma, IFN-vy secretion of CD8™ T cells
after stimulation with antibodies to the T-cell epitope CD3 was
significantly higher than after stimulation with PMA and calcium-
ionophore. In contrast, CD8* T lymphocytes from peripheral
blood of healthy volunteers produced significantly more IFN-vy in
the presence of PMA and calcium-ionophore than after stimula-
tion with anti-CD3 antibodies. While IFN-vy secretion of CD8" T
lymphocytes of patients with allergic asthma was lower than that
of healthy controls in the presence of PMA/calcium-ionophore, it
was significantly elevated when compared with normal controls
after stimulation with anti-CD3 antibodies. This observation
appears to be specific for CD8* T lymphocytes, as analysis of
IFN-vy secretion from PBMCs did not reveal differences in
susceptibility to the employed stimuli in the same donors. In
PBMCs, IFN-vy secretion was generally higher than in isolated
CD8™ T lymphocytes.

Isolation of CD8" T lymphocytes from peripheral blood was
performed by magnetic cell sorting. The suspension of isolated
CD8" T lymphocytes consisted of 85 = 7% CD8" events,
14 £ 7% CD4 CD8 cells and practically no contaminating
CD4" T lymphocytes. The CD4 CD8" cells did not stain with
antibodies to CD3, CD14, CD16, CD56, CD19 and CD11b. We
therefore assume that those CD4 CD8 " events in flow cytometry
resulted from agglutinated erythrocytes and other cell detritus,
rather than from cells that would have influenced cytokine
production of CD8" T lymphocytes. Nevertheless, it cannot be
excluded that these contaminants might contain cells that have
down-regulated the markers used for the negative selection.

To our knowledge, this is the first study investigating IFN-y
secretion of isolated CD8™ T lymphocytes from peripheral blood
of humans. Earlier examinations of IFN-y production in
peripheral blood cells were performed in unseparated PBMCs
[12,30,31]. In these studies, decreased IFN-vy secretion in PBMCs
of allergic subjects was found after stimulation with PMA and
calcium-ionophore, PHA and concanavalin A. The authors
postulated an intrinsic defect of IFN-vy production in blood cells
of these patients, which suited the Th1/Th2 hypothesis for the
pathogenesis of allergy. This conclusion, however, is in contrast to
our study. As we were able to show, CD8" T lymphocytes from
peripheral blood of patients with allergic asthma have a strong
potential to secrete IFN-vy. Interestingly, our observations are
confirmed by recent findings in whole blood cultures of patients
with bronchial asthma, which reported an increase in IFN-y-
containing CD8" T lymphocytes [32]. Krug et al. found an
increased number of T cells producing IFN-vy in Bronchoalveolar
lavage fluid from subjects with atopic asthma compared with
atopic non-asthmatics and healthy controls. However, no such
difference was detected in peripheral blood T cells from the same
donors [33]. This observation is in agreement with our findings in
which intracellular staining of IFN-y in CD8" T lymphocytes did
not reveal any significant differences between patients with
allergic asthma and healthy controls.

IFN-y is associated with a variety of functions in the
pathogenesis of allergic diseases. It is able to inhibit proliferation
of Th2 cells in vitro and to antagonize Th2-type responses such as
IL-4-dependent IgE production and IL-5-dependent activation and
infiltration of eosinophils [12—14]. CD95 expression on peripheral
blood lymphocytes of normal subjects, as well as the sensitivity of
human T cells to CD95-mediated apoptosis, are increased in the
presence of IFN-vy [34,35]. IFN-vy also facilitates CD95-mediated
apoptosis of eosinophils in vitro [36,37]. Thus, the potential of
CD8" T lymphocytes to secrete IFN-y (as this study describes)
could influence the pathogenesis of allergic asthma not only by
counterbalancing the development of atopy but also by regulating
apoptosis of inflammatory cells. It may be speculated that in
CD8" T lymphocytes from patients with allergic asthma, IFN-y
production is up-regulated in order to compensate for the
preferential Th2-type cytokine secretion pattern of other PBMCs.
However, IFN-vy secretion of CD8" T lymphocytes might not be
sufficient to prevent the development of allergic disease.

In this study we have found fundamental differences in IFN-y
secretion of CD8™ T lymphocytes in response to different in vitro
stimuli. Susceptibility to stimulation with PMA/calcium-iono-
phore and anti-CD3 antibodies differed in patients with bronchial
asthma and healthy controls. Comparisons of the effects of
stimulation with anti-CD3 antibodies and PMA/calcium-iono-
phore have not been published as yet.

Binding of antibodies to the CD3 complex can efficiently
imitate the effect of antigen presentation and leads to activation of
PKC and calcium influx [20,21]. As these effects are most likely
mediated by the same structures and the same intracellular
signalling cascade as T-cell activation by the TCR, stimulation
with anti-CD3 antibodies is assumed to be a somewhat more
physiological stimulus. However, the protocol of cell separation,
the concentration of the in wvitro stimulus and the lack of co-
stimulatory events and physiological cell-cell interaction have to
be considered when interpreting the results of stimulation of cell
cultures with anti-CD3 antibodies. In our study, IFN-vy production
of anti-CD3-activated CD8* T lymphocytes was significantly
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higher in patients with allergic asthma than in healthy controls.
These differences might be due to differences in the pre-activation
of CD8" T cells, where relatively weak stimuli, such as anti-CD3
antibodies, can strongly affect cells pre-stimulated in vivo.

T-cell activation with PMA and calcium-ionophore is
independent of the T-cell receptor complex and its signalling
cascade [22,23]. This combination is regarded as a very strong
stimulus for cell cultures. As expected, IFN-y production by
CD8" T lymphocytes from peripheral blood of healthy donors
was significantly higher after stimulation with PMA/calcium-
ionophore than in the presence of anti-CD3 antibodies [38]. In
contrast, CD8" T lymphocytes from patients with allergic asthma
secreted significantly more IFN-y when activated with anti-CD3
antibodies than after stimulation with PMA/calcium-ionophore.
We presume that the susceptibility of cells in patients with allergic
diseases to either PMA or calcium-ionophore is altered.

In conclusion, potent activators of cytokine secretion such as
PMA and calcium-ionophore induce a cytokine secretion different
from that induced by weaker stimulators such as anti-CD3
antibodies. These findings have implications for further in vitro
studies investigating cytokine production of inflammatory cells.
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